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Abstr a ct
Naim anQiislo c ated in the e ast edge of Horqin de se rt and re c ently L曲 cted by de serdficatio n.
The des ertific血o nhaspr ogre ss ed by o v ergrazing a nd overcu血1g･a ndfixed s anddun e sbegan to
m o v e agal nin this are a. In this study, w einte nded to de v elop a m o nitoring m ethod of
des eniflC血 on u sing Landsatdatain order to u nder stand ho w the de s ertific ation ha spr ogr ess ed,
We c ould defin ethe des ertifled a re a u sl ng a nd u s e clas sific血o n a nd follo wl ng thr ee indexe s;
v egeta6on [(T M 4-T M 3)/(T M 4＋T M 3)] , structur e [cr M5- TMl)/(TM 5＋T M l)] , and redn e s
[(T M 3-T M l)/(T M 3＋T M l)] . And w e obtain ed yearly change sby superimpo sing de s ertiBed
area side ndfied from data of diffTer e ntyear.
1. Id r odu cdo n
Thete r m-'de s edfic aion
--inits te chnicalsen s eha s abro ader m e aning tha n simplydes cribingthe
phe no m e n o n o c c u mng in peripheral ar e a s of de s erts･ Therefo re,
”de s ertific ation'r has been
rede丘n ed in Age nda 21as
‖land degradatio nin arid, s e mi-arid and dry s ubhu midar e a s resulting
&o m various fa ctors
,
including clim atic va riations a nd hu m an activities
'l
.
T he te rm
E-de se rti8c atio n-t is clearly u sed n o wto r efer n ot o nly s urro unding deserts, but als o m ajor fo od
produ cingare a sinto s e mi- aridands ubhu midareas･
Eve nin East As ia, where thereislitde aridare a, w e c an see that the n e wdefinition bringsthis
pr oble m clo s erto ho m e. In pa rtic ular,in Ea stern China, w hich c ontain s50 %ofthela nd and o v er
90% ofthe populadon of that c o u ntry, clim atic c onditions arechangl ngfrom the s emi
- arid reglO n S
in the no rth to the subtropical, s ubhumidar ea sin the s o uth. Zhu et al
L)
e stim ated that
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des erti丘c血on in China w asindu ced by w ate r and wind e ro sio n, affecting1.4S3millio nkm
2
, about
15 %of
■
也ela nd ar e a of
●
C hin a.
The purpo s e ofthis studyisto de v elop a rno nito nng m ethod
in orderto understa nd ho wdes e rtifl C atio nha sprogr e s sed.
2. So m e cha r a cte ristics of de s ertific atio nin Naim an
Naim anislo c ated about400km N EofBeijing 伊ig.1).
This semi-arid region has an
3 72m m and a n n u al a v e rage
La c u s廿in e s edim e nts in the
st)rfa c elayer depo sits in
annual a v er age rainfau of
te mpe ra.ture of 6.4
o
C.
Qu ate m ary are the rnain
this r eg10 n, and widely
dis廿ibuted s and du nes
,
fo r m ed in a n e arlie rdry period,
ha v e触ed and be c o m e c o v e red by s oila nd v egetation
with humi difyhg ofclim ate, On fixeds and dunes a nd in
the lo wlands betw e e ndunes
,
field crops a regro wn,
espe cialy c o m and sorghu m . h addit o n, the gr a sslands
of de s ertificatio n u sl ng Lands atdata
NA]
T
rLlaLl
W e st k5p
8eijizlg
S harlghai
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Fig.1 The study area
in n o rthea ste rnNaim a nha vebe e n e xte n sivelyde v eloped.
De s erti名c ado nha sbe e n c aused by the de struction of natu ral v egetado n and abo ut I-2 m of
tops oil, and begins dth the m o v e m e nt of u n c ons olidated s and. In this r eg1 0n, a Str Ong wind of
5rn/s(18kmnl)often blo ws the s andin the spring. Landsatim ages hav esho wn w a v e-like patte ms
on the gro u nd s urfa c efa cing the domin aJlt wind dire c丘o n, with wi dely-distributed s and dun es
e3(te nding 舟o m w estto e a st. T he mov e ment ofs a nd isinv ersely r elated to particle size,i.e. , the
s maler the s a ndpa rticlethe gr eater the m ov e ment, and ann ual dun e m o v e mnt of 5m/yrha sbee且
observed. Furthe rm or e
,
in the gra s sla nd w e c an c o n丘r mpoints whe r ethe s and ha sbe e n e xpanding
in ellipticalpattem s aro u zld po nds. At pr e sent, m e a su reshav e be e nputinto effe ct to stopthe
m ovem ent ofs a nd
,
andthere a repla c e sin pedphe ralare a s where v egetatio nhasin vaded.
3. Extm cting m ethods byland tIS eClas sificatio n
W he n w e 既tr a Ct de s e rtified ar eas using La nds at Data, the m o st pre cis e m ethodis to defin e the
desertified a re a s and la ndu s etypesbased o n e xisting m aps a nd 丘elds urv ey.
So
,
w e examin edland u s e clas sific atio nin a te st ar ea of Naiman usl ng land use u nits of the
desertificatio n 皿 ap Of Naim an Qi. Tho s e units c ontain activ e du ne, gr a sland, cropland, forest
w edand
,
village a nd w ate rbody.
First
,
in thete st ar e a w e e stablished abo ut丘ve typicalpoints of e a ch u nitwhere hav e not cha nged
since the map published. Se c o nd, w e che ckedr eflectanc es of the e v ery points usi ng Lands atdata
obse Ⅳed on differentfive tim e s&o m M ay to Septemberin 1992. Figure2 sho ws a e x ample of
the re s ult. So m e cha r a cteristic s a r e su m m arizeda sfollo w s. Activ edun eha sthe highest r ene ctance
a s c o mpar ed wi thother u nitsthro ughba nds and dm es. h contrast, w ate rbody ha sthelo west o ne
on both4 thand 5thbands, which belo ng to n e arinfrar ed regio n, thr o ughbands andtim e s. And
so
,
a ctive dune
abo v e r e a s o n s.
a nd late July.
c ov ered wi也
a nd w ate rbody a r e e a sily distinguished fro m othe r u nits u sing only on edatu 皿by
ln the c a s e of other units we c o uld divide thos eunits u sl ngtw o dda ofla.te May
Be c a u s e cropla nd and gra s sland have po or v egetation a nd for e st ar ea is already
gre erl le av esinlate M ay. An dcr opland ha shigherden sityof v egetatio n than
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Fig･2 Se as o nalchange sin spe ctralreflecta n c e ofe a chlandc o ve =A and use type
grasslandinla･te July･ Thes ephe n o m e n a show difncultyto divideinto c r opland, fore st and gra ss
land by only one irnage･ Ho we v er w e c oulds olve this pr oblem by u slng differ ent tw oim age s
which obse rv ed on spnng a nd s u m mer. Be c a u s einlate M ay cropla nd and gr a ssland are alm o st
ba rebefo rese eding a ndtre e s ar e cov e redin 丘
･
e shgr e e n,in hteJuly a nd Augu st c ropland andgras s
la ndare cov e red in green and cropland ha s ahigherde n sity tha ngr a ssland. This cha nges reAect
a valu e of red band whichis 3rd bandin T M and ha shighrefle ctance again st the phyto syndc
plgme nt chlor ophyll.
In this study, w eus ed fivebandsdata ofLands at T Mfor cla s sifyingland u s e a s sho w nbelo w;3rd
ba nd of May 2 0tha nd lst, 3rd, 4th and 5th bands of July 23rd･ We to ok the pla ce s where w e
checked the reflecdon of e ach la nd us e type for training are s and cla s siFl ed thos etype s wi th
supervis ed cla ssific atio n. And w e had a highprobabilityin the cla ssi丘c ation(Tablet). Ea ch units
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w a sdis crimin ated &o m the othe runits with m or ethan 80 %ofpr obability. Especially, c ropland
a nd gra s sla nd w e r edis cri min ated wi th95% ofprobability. As m e ntion ed above, w e c o n五rm ed
this m ethod w as u seful forland u s e cla ssific atio n. tFw e c an annual1y classifytheland u sein the
s a m e a re a and compa rethe res ults, w e willbe able to get de s erti丘c atio ntre nds a sw el as
re cla m atio n andabundant ofcr oplanda nd cle aring a ndplantation oftr e e s･
Table 1 Verific ation ofla ndc o v er/landu s e cla ssifl C如io nwi thm a xim u mlikeliho od m e血od
a ctiv edu n e r a ssland CrOla nd fわre st Weda nd villa W ate rbod
activ edun e
gr a s sla nd
cr opla nd
fわre st
w eda nd
village
w aterbod
96.87
0
.
29
0
.
00
0.00
0.00
0.00
0
.
00
1
.
2 5
94.7 1
2.82
4
.
51
2.50
0.54
0.00
0
.
00
0.29
94.86
0.00
0
.
00
0.18
0.00
0
.
00
1.14
0.91
80.56
6,75
2.0 6
0.61
0.00
0.86
0.00
12.$5
81.25
8.04
2.74
0.00
1.29
0.00
1.04
2.50
86
.
03
0.00
0.00
0.00
0
.00
0.00
5.75
0.00
95.43
4. Az)extm ctilg m ethod byla nd c o v e rdlangCS
The cla ssi丘c ation m ethod of la nd us eis effe血 vein m onitoring des ertificadon, but there is n o
gu a ra nte ethat Landsatdata a rcpr ovided fo rit e v ery ye ar･ So, w e exa min ed a methodto de血e
thedes erdfiedar eaby only on eim age a ndpropo s edfollowingthre eindexes･
First
,
a v e
.g
etationinde x was u s edtoide ntifyunvegetated regionsI
For L AND SA T T Mdata (T M 41 T M 3)/Cr M 4＋T M 3)
For L A m S A TMSS dぬ (MSS7- MSS5)/(MSS7＋M S5)
Low valu es of thisinde x r epres e nted unv egetated ar e a s. Co mpariso n sw e re m ade withcompo site
im ages to deriv ethe threshold, the n un v egetated areas w er eidentifled･ And, to co n side r seas onal
nu ctuado n sin vegetatiorL, W e u s ed a utu m n and spnngdata a nd co m m o n ar e as we reidendfied･
second
,
w aterbodies and m an- m ade stru ctures s u ch a s s etdem e nts, which w er ein cludedin the
un vegetated regions, hadto be rem o v ed. For that ptJrPO Se, the ratio(T M5-T Ml)/(TM5＋T M l)
w a s obtain ed. Sin c eba rela ndin this ba nd r atio wa shigher tha n w ater bodie s a nd m a n- m ade
stru ctures,it w aspos sible to s epa r ate the tw o. The r efor e, the index derived 丘
.
om this ratio w as
n a m ed the stru ctur eindex . Since the re w a s n oMSSs e n s o r c or re spo ndingto T M 5, old data were
m asked by w aterbodies and m a n- m ade structu r e sderived 舟om the new im ages･ Third, u sing the
redn e ssinde x(T M 3-T M l)/(T M 3＋T M l)which refle cts the a m o u nt ofoxidizedir o n c ontain edin
the gr ound, des ert ar e a s w ereidemified by the gr o und c olo rin ea ch r egion..
Finally, de sertiRed
ar e a sidentified 血) mdata ofdiffe re ntye ar w er s uperimpo sedto obtain ye arly change s･
Ne xt
,
w e v eri{led a applic atio n ofthis m ethodin a test ar e a, a 3 0kn square ar e a w a s s ele ctdas
the test area, and w a s a nlyzed fo rde s erd 6c atio npatterns in the last 1 0ye arsI De s erdfying
regio n shav elo w v egetatio nindexe s. W hite c olo r ed ar e a s showing the soilc olo rs ofthis are aswe re
identiGed
,
the r e.sults 舟o m anlys
is of oldand new im age s w er s uperimpo sed to clarifythe
changesO7ig.3).
The sp血alpr oportions ofthe te st area undergolngde s ertification w e re r o ughly 40% ･ And the area
ofre claim ed land and the a r e a of n e wly desertifyingland w e re r o ughly 12% in thedistricts･ T his
fa ctindic atedthatthe spatialexte nt of de s ertificado nis alm o stc o n stantinthelast10ye ar s･
- 114-
191
.8.22髄dese rb帝re c｡ veふ de se rti丑ed
82 - 91 29.2 % 123% 1 2.0 %
Fig.3 Co mpo sitephoto ofLands atT MOeft) andrec e nttrend of des ertific血o nin Naim an,
h ner M o ngolian Auto n o m o u sRegion
Espe cialy the ar ea s ar o und the sdtlem e nts and ar o undthe N -S ru nl ng r O ad and railw ayin the
ea stem pa rt of the tow n sho w ed s o me r e c o v ery 丘o m 1982-91, in co ntrast to o utlying are a s, where
des ertification co ntinu ed. T he s efacts sho w that de s erd 丑c a:tio n do e s n ot pr o c e ed unilateral1y
regardle ssof the state ofdegrada;don; rather, thanksto s o m e s ort f m ea sure simple mented when
relativ ely e a syto do s o, the progress ofdes e rtificatio nc o uld be r estrained.
Furthe rm ore
,
W e V erified the re sults ofthe analysisby gro u ndtruth. Here, w eintroduc efollowi ng
比r e site s.
11A■' point(42
-
49
' 56”N
,
120
'
45' 15”E), situ ated on about lOkm of 丘x ed sand dune sin e a ste m
Naim a n(A in Fig.3), is an area which La nds at data analysis showed to be de serdfying from
1982-1991. According to ade se rBfic atio n m ap c o mpiled by the Chine se Ac ade my of Scie nce,
cropland tha;Ihadbe e n culdv ated bythedryfa rming m ethod w a s cla s si丘ed a s abando ned far mland
in 1958and a s shrubland in 1974, and shrublands of wi llow w ere s e e nin the ar e a. There w as n o
tra ce of c ultiv血 o n o nthefo r e st凸o o r
,Ju st a s c ant COV en ng Ofgras s, a nd s a nd du n es hadbegun to
encr o ach on s o m eparts of the are a. This c o nditio n c o rr espo nded w ell with the re sults oftheim age
PrO C e SSl ng.
rBTI point(4 2
o
49' 8.1N
,
120
o
47
'
33'-E)located abo ut8km S SEof ”A” point(Figs), w asals ojudged
to ha v ebeen de s e rtifying fr o m 198 2-91. Ac c ording tO the de s e rtificado n m ap, this ar e aw a s
cla ssified asgras sland in both1958 a nd 1974, but a comparis o n of the tw o ye ars sho w s avast
reduction in spatialexte nt a nd atra n sfo r m atio ninto s elrli
-s olids anddun e sI A fieldstudy revealed
scanttr a ces ofcultiva.tionin depressio n s, butthe grou nd w asnea rly co ver ed by s a nd, and the sand
du n e shad begun to m o ve agaln.
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‖C-' PoiLlt(42
o
51' 2”N
,
120
o
42
'
11‖E)differs 丘･o m the tw opre vio u s sitesin thatit w a sdete mined
to belandthat w as r e claim ed &o 皿 the de s e rtin 1 982-91. Thisis an a rea ofsand du ne s abo ut5kn
e a st of Naim an 伊ig3)I Thedes erti 鮎atio n m a･p Sho w ed the s urr ounding ar eatobe one of m o ving
a nds emi- m o vi ng S and in 1958;by 1974, the c e ntralareahadbe c o m e a m o v ing S ad ar e a, wi the
s u rr ou nding ar e a c o n sistl ng Ofs olidifieds a nd du nes. In the c o mpo site La nds atim age s&or n1991,
this ar e a cle a rly differsfr o mthe white c olor of the m o v l ng S a nd du n e s,le ading u sto assu m ethat
veget&do nin the a r e ahas r e c o v er ed. M o r e o v e r, the topogr aphy ofthe ar e a c o n sists ofsm allpatches
ofu ndulating m ovingdu n e s(m a xim u m size 7-8m), but m o st ofthe gr ound s u rfa c eha svegetation
c o v er s u ch a sgra s畠e sof the Arte m esia f mi 1y andyo ung wi llo w s and other sc rub. The s and dun es
have also been obs e r v ed to be s olidifying. T hisis the re s ult of a pr ohibito n on grazing en acted
abo ut 5 ye a rspr e vio u s. In addito nto natu r ally r e c ov en ng gr a ss e s, poplar gr o v eshave als obeen
planted in part of the ar e a.
5. Co n cllld hg r e m arks
I)esertific血 o nin Naim a n w a s cha r a ctedz ed by r e a ctiva.ting Of丘Ⅹed s a nd dun e s. h this study, w e
pr opo s ed a m o nitorlng m ethod ofdes erd 丘c血 o11 u Sl ng La nds at datain orde rto understand how
de s ertiflC血 orLha sprogress ed.
Atfirst
,
w ede v eloped a m oniton ng m ethod ofland us e cha ngeby supervis ed cla s sificatio n. This
m ethod n e eds data oftw odiffer elt tim es in the s a m eye ar, but sho w show la nd u s e changed in
e a chpix el, We didn o m ore than sho w the highpos sibilib, Ofapplicatio nin this study, In n ear
futu r e
,
w e w arlt tO Sho w ares ult u sing this methods,ifw ewi llbe ableto get the data ofdiferent
years in this a re a. Se c o nd, w ein v e st唱ated･a m onitoring m ethod of land c o ve r change sby
follo w mg thr e eindexe s; n aturalvegetatio n, stru ctures, and s oilredn ess. T he s einde x e s w er very
effe ctiv eto understa nd the condi七ons and tr ends of des e rtificatio n. W e c o nfim l ed that n o
signi丘ca nt changesin spadalexte nt of de s erti丘c abbn w er e s e e nin the test dis山ct. Land
m a n age ment aro und m ajo r Settle ments, r o ads, railway:lin e s, etc. , w as r ehtively m edculous and
de se rtla nd w asbeing r e claim ed. Co nve rs ely,in o utlying regi o n sn ew de s ertland w as appe ar1ng,
As de scribed abo v e, w e co uld unde rstand the conditon s andtr ends ofde s erd丘c atio nthroughthis
m ethod.
6. Ackn o wlege m ent
The autho rs e xpre s m any tha nks to Pr of. Liu Xin M in and Prof. Za oHalil , hstitute of Desert
Resear ch
,
Chin e s eAc ademy ofScienc es, for m arty helpfu suggestion s and their helpl n Our fleld
w o rks. The autho rsals o e xpre s sm any thanks to M r. Takeshi Watanabe, Japan lnte rn血 o n al
Research Ce nterfo rAgric ultu ralScie n c e s, fo rhis a s sitarlC ein izn age pro c es si ng. La nds atdata
w er e o w n ed bythe UnitedState sGo v ern m ent ands upplied by EOSA T/N ASD A.
7.Refe ren c e s
zhu
,
Zhe nda et al(1992)ニ China:De sertifl Ca.tio n Map ping a nd De se rt Re cla m atio n. For m
''Wo rld
A舶s ofDe s ertificatio n,
'T UN E P. pp,46- 49.
- 116-
